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The role of Neuropilin-1-VEGF signaling in neural crest cell
invasion
McLennan Rebecca, Paul M. Kulesa
Stowers Institute for Medical Research, Kansas City, USA
During vertebrate development, neural crest cells (NCCs), a highly
invasive, pluripotent stem-cell like population, delaminate from the
neural tube and follow stereotypical migratory routes to reach specific
targets. In the head, discrete NCC migratory streams travel through
different microenvironments to the branchial arches, yet signaling
mechanisms that produce the migration pattern are still unclear. NCCs
travel in loosely connected streams with constant contact between cells
making this an excellent model system to study cell-cell and cell-
microenvironment communication. Here we test the function of a
putative NCC guidance cue, neuropilin-1. We previously showed that
when neuropilin-1 expression is knocked down in NCCs, they fail to fully
invade the 2nd branchial arch. Motility and directionality of these non-
invading NCCs is rescued by transplantation into the hindbrain
(rhombomere 4) of younger host embryos. Interestingly, we found that
the ectoderm of the growing tissue adjacent to rhombomere 4, which
becomes branchial arch 2, expresses a ligand for neuropilin-1, vascular
endothelial growth factor (VEGF). Invitro culture experiments show that
cranial NCCs are actively attracted to branchial arch 2 tissue aswell as to
VEGF-soaked beads. Furthermore, both VEGF-soaked beads and trans-
planted VEGF-expressing cells attract NCCs in vivo. Our results provide
evidence for a role for neuropilin-1-VEGF interactions in rhombomere 4
neural NCC invasion in vivo.We suggest that neuropilin-1may be critical
to NCC homing into the branchial arches by maintaining an active
motility state and responding to VEGF in the local microenvironment.
doi:10.1016/j.ydbio.2009.05.311
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Towards an automated cell morphometric analysis to determine
variation within neural crest cell migratory streams
Katherine W. Prathera, Dennis A. Ridenoura, Rebecca McLennana,
Paul M. Kulesaa,b
aStowers Institute for Medical Research, USA
bDepartment of Anatomy and Cell Biology, University of Kansas School of
Medicine, USA
Neural crest cell (NCC) derivatives are critical to the vertebrate body
plan and rely on the proper migration and targeting of progenitor cells.
Measurements of NCC parameters along the migratory route would
help us better understand how cells acquire direction and sustain
guidance, yet it is time consuming to visually mark and measure
individual cell properties from large sets ofmigratory streamdata.Here,
we present a novel approach that combines automated throughput
analysis with visual detection to measure multiple NCC features with
respect to distance along and to stereotypical, digitally recorded NCC
migratory routes. Avian NCCs, transfected with H2B-mRFP and Gap43-
EGFP,were imagedat8,16, and24hpost injection. IndividualNCCswere
identified by visual and automated detection and cell morphometric
parameters were measured and compared to NCC positions along the
migratory route. Preliminary analyses showed NCCs emerged from the
neural tubewithout orientation, but rapidly became alignedwithin the
first 120 μm along the migratory route. Interestingly, lead NCCs and
NCCs far fromthemigratory routewere significantly less oriented to the
migratorydirection,whilemid-streamNCCswere consistently oriented
along the direction of migration. Our results suggest a model where
NCCs acquire directed migration after interaction with local micro-
environments and highlight the potential for throughput cell morpho-
metric analysis to analyze large data sets of cell migration.
doi:10.1016/j.ydbio.2009.05.312
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Directed vs. random: Does cadherin-11's extracellular cleavage
fragment act as a chemoattractant to cranial neural crest cells?
Catherine D. McCuskera, James R. McCuskerb, Russell Neunera,
Erin Kerdavida, Helene Cousina, Dominique Alfandaria
aDepartment of Vet. and Animal Science, University of Massachusetts,
Amherst, USA
bDepartment of Mechanical and Industrial Engineering,
University of Massachusetts, Amherst, USA
Multiple features within the embryo can influence the orientation of
cell migration during morphogenetic movements. Physical constrain,
remodeling of the ECM, and the establishment of chemical gradients
have all been shown to play a role in these processes. In this work, we
show that the production of an extracellular cleavage fragment (NTF) of
Cadherin-11, a cell adhesionmolecule present in the cranial neural crest
promotes cell migration in vivo. In tissue culture, the NTF can bind to
select molecules at the cell surface. Binding to these cell-surface
receptors could promote intracellular signaling events, andmay be used
to establish a chemical gradient that helps orient CNC cells during their
large-scale migration. We are currently using the open-sourced ImageJ
software to track the migration of Xenopus CNC cells ex vivo. With this
data, we are establishing methods to measure the directionality of
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migrationusing theMatlab software.Onemajor challenge to quantifying
this data is that CNC explants inherently possess polarity, making it
difficult to decipher between the polarity of the explant vs. cells moving
toward a target. Our goal is to resolve cells that are moving with
directionality from those that migrate randomly so that we can
determine if CNC cells are moving toward a potential chemoattractant.
doi:10.1016/j.ydbio.2009.05.313
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Regulation of rear retraction and nucleokinesis during
interneuron migration
Jacqueline C. Simonet, Jeffrey A. Golden
Department of Cell and Dev. Biol., Univ. of Pennsylvania, Philadelphia, PA,
USA
The highly organized structure of the human brain is achieved
through precisely directed migration of neurons during development.
Failed neuron migration is believed to underlie many human condi-
tions including some forms of mental retardation, developmental
disability, and epilepsy. In contrast to the amoeboid-like migration of
other cells such as fibroblasts, migrating interneurons exhibit a
complex migratory behavior with discontinuous movements. First,
the leading process extends, then the nucleus moves forward, and
finally, the trailing process retracts. The mechanisms of nuclear
movement (nucleokinesis) and trailing process retraction (rear
retraction) and how that process coordinates with nucleokinesis is
poorly understood. It has previously been shown that non-muscle
myosin II motor protein is localized to the rear of migrating
interneurons and inhibition of myosin II halts nucleokinesis. RhoA, a
Rho GTPase, is necessary for rear retraction in migrating monocytes,
lymphocytes, and endothelial cells. In monocytes and lymphocytes,
RhoA regulates detachment of adhesion at the rear of the cell and in
endothelial cells RhoA regulates myosin II contractility. Here we show
that RhoA and its specific kinase, ROCK, are involved in regulation of
rear retraction and nucleokinesis in migrating interneurons. RhoA
through ROCK activates myosin contraction at the rear of these
interneurons. This contraction causes retraction of the trailing process
and pushes the nucleus forward. These data indicate that interneurons,
althoughhavingdistinctmigrationmorphologies fromothermigratory
cell types, are regulated by similar molecular pathways.
doi:10.1016/j.ydbio.2009.05.314
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Analysis of the role of Prickle1b during facial branchiomotor
neuron migration
Oni Mappa, Anna Griffithb, Monica Rohrschneidera, Victoria Princea,b
aCommittee on Dev. Bio., Univ. of Chicago, Chicago, IL, USA
bDepartment of Organismal Bio. and Anat.; Univ. of Chicago, Chicago, IL, USA
The facial neurons are a subset of branchiomotor neurons that
undergo a characteristic tangential migration through the hindbrain
during development. The goal of this research is to investigate several
aspects of this migration in zebrafish. Recently, our lab has identified a
cell-autonomous role for the gene prickle1b (pk1b) during facial neuron
migration. Pk1 orthologues have well-demonstrated roles in establish-
ing planar cell polarity (PCP), however previous work has demon-
strated that several other PCP genes are required primarily in the
surrounding neural tissue in order to mediate facial neuron migration.
Subcellular localization of Pk1 is important for its various functions;
while localization at the cell membrane appears to be required for PCP
processes, Pk1 also functions in the nucleus. We find that deletion of
the C-terminal prenylation domain of Pk1b eliminates its nuclear
localization, but does not affect Vangl2-mediated localization at the cell
membrane. Correspondingly, analysis of embryos deficient in isopre-
noid synthesis demonstrates a role for prenylation during facial neuron
migration. Using mutagenesis and transgenic techniques, we have
designed a rescue experiment to test the functional requirements for
Pk1b domains during facial neuron migration, and our preliminary data
suggests that the prenylation domain is required in this context. This
suggests that Pk1b may function in a partially PCP-independent
fashion, and our ongoing experiments will test this hypothesis.
This research is supported by an NSF Graduate Research Fellow-
ship (OM) and a grant from the March of Dimes (VP).
doi:10.1016/j.ydbio.2009.05.315
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Impaired neural crest migration contributes to midgestation
lethality of beta-actin knock-out mouse
Davina Tondeleira,b, Matthias Müllerc, Veronique Jonckheerea,b,
Davy Waterschoota,b, Karima Bakkalia,b, Joël Vandekerckhovea,b,
Christophe Ampea,b, Anja Lambrechtsa,b
aDepartment of Medical Protein Research, Flanders Institute for
Biotechnology (VIB), Ghent, Belgium
bDepartment of Biochemistry, Faculty of Medicine and Health Sciences,
Ghent Univ, Ghent, Belgium
cNovartis-Phama, Basel, Switzerland
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Regulation of neural crest migration by the putative
phosphatase, paladin
Julaine Roffers-Agarwal, Karla Hutt, Laura S. Gammill
Department of Genetics, Cell Biology and Development,
University of Minnesota, Minneapolis, MN 55455, USA
Neural crest cells arise in the dorsal neural tube andmigrate into the
periphery to form a variety of structures including sensory ganglia,
bones of the face and heart septa. Efforts to characterize neural crest
formation at the molecular level have focused on the transcription
factors that specify neural crest cells in the ectoderm. However, neural
crest gene expression does not guarantee eventual migration as a
neural crest cell. We propose that differential protein activity, rather
than differential gene expression, regulates neural crest cell migratory
properties. One possibility is that the phosphorylation status of
proteins important for neural crest migration determines the ability
of neural crest cells to migrate. We have identified a putative
phosphatase, paladin, that is expressed by premigratory neural crest
cells and upregulated at the initiation of neural crest migration in both
chick and mouse embryos. Paladin knockdown in chick embryos
inhibits neural crestmigration anddelaysexpressionof theneural crest
transcription factor snail-2, but does not affect the expression of other
markers of neural crest specification. Additionally, we have begun to
characterize neural crestmigration in amouseknockout and to analyze
the phosphatase activity of paladin. Together, these data indicate that
paladin is an important regulator of neural crestmigration and support
thenotion that phosphorylationplays an important role in this process.
doi:10.1016/j.ydbio.2009.05.317
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